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Top and Heavy Flavor Physics

• Prospects for precision measurements (HL-LHC, FCC, ILC, muon collider,…):
– top quark properties: mass, couplings
– study of rare processes: single top, ttZ, ttW, tZq, tttt, FCNC, … 
– precision measurements of a wide variety of observables and in new 

kinematic regimes: spin correlations, polarization, boosted top,  …
• Joined studies:

– Mtop in Global Electroweak fits (with EF04)
– Top quark couplings and global EFT fits (with EF04)
– Top and HF in PDF fits: extraction of gluon PDF, alphas, ... (with EF06)

• Prospects for HF physics (b,c,s) at future colliders
– Full pattern of quark couplings

• Status of predictions and prospects for theory improvements:
– Interpretation of mtop, new ideas for mtop measurements
– Higher order QCD and EW corrections 

Opportunities for additional contributions in all areas!
Talk in parallel sessions
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Highlights of EF03 activities: mtop

• Optimizing top-quark threshold scan using genetic algorithm: Aleksander Filip 
Zarnecki, Kacper Nowak LoI, paper: https://arxiv.org/abs/2103.00522

• Limits on Precision Top Mass Measurements at HL-LHC: Stephen Wimpenny
• Measurement of the top quark mass at the ILC: Esteban Fullana , Juan Foster, 

Frank Simon, Marcel Vos LoI
• Top quark mass measurements and their interpretations: Andre Hoang
• Energy Peak and Its Implications on Collider Phenomenology: Top Quark 

Mass Determination and Beyond: Kaustubh Agashe, Roberto Franceschini, 
and Doojin Kim LoI

Presented at this workshop: 
• Top and HF studies at linear colliders: Roman Poeschl
• New ideas for top quark mass measurements: Kaustubh Agashe
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LoI: Letter of Interest
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Highlights of EF03 activities: mtop

• Top and HF studies at linear colliders: Roman Poeschl
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b-jet energy peak method:
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Kacper Nowak, Aleksander Filip Zarnecki

https://arxiv.org/search/hep-ex?searchtype=author&query=Nowak%2C+K
https://arxiv.org/search/hep-ex?searchtype=author&query=Zarnecki%2C+A+F


Highlights of EF03 activities: mtop

• New ideas for top quark mass measurements: Kaustubh Agashe
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b-jet energy peak method:

B-decay length method:
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Highlights of EF03 activities: Quark polarizations and spin correlations

• Quark polarization measurements: from the Standard Model to characterizing 
New Physics: Mario Galanti, Andrea Giammanco,Yuval Grossman, Yevgeny 
Kats,Emmanuel Stamou, Jure Zupan LoI

• Top Quark and BSM Interactions at the HL-LHC and HE-LHC: Andreas Jung, 
Alexander Moreno Briceno LoI

Presented at this workshop: 
• Top quark spin correlations at the LHC: Amandeep Singh Bakshi
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Highlights of EF03 activities: Quark polarizations and spin correlations
• Top quark spin correlations at the LHC: Amandeep Singh Bakshi
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Highlights of EF03 activities: bb,cc,ss production at lepton colliders

• Electroweak Heavy Flavour (b,c,tau) at the FCC-ee: Patrizia Azzi, Alain Blondel, 
Mogens Dam, Patrick Janot, Stéphane Monteil, and Guy Wilkinson LoI

• Electroweak couplings of heavy and light quarks at future linear e+e− colliders: 
Roman Poeschl, Marcel Vos  LoI

Presented at this workshop: 
• Top and HF studies at linear colliders: Roman Poeschl
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Highlights of EF03 activities: bb,cc,ss production at lepton colliders
• Top and HF studies at linear colliders Roman Poeschl
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Why study lighter quarks? 
Examples: GUT inspired 
models Higgs unification 
model; Randall-Sundrum
model modify light quark 
couplings



Highlights of EF03 activities: bb,cc,ss production at lepton colliders

• Top and HF studies at linear colliders Roman Poeschl
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Highlights of EF03 activities:  Couplings and EFT fits (with EF04)

• ILC: EFT fit for top and bottom EW couplings: Gauthier Durieux, Martin 
Perello , Roman Poeschl

• The top quark (EW) couplings at future colliders: Marcel Vos
• Electroweak couplings of heavy and light quarks at future linear e+e− colliders: 

Roman Poeschl, Marcel Vos  LoI
• Novel constraints on EFT in the top sector: Alexander Grohsjean, James Keaveney, 

LoI, paper: James Keaveney, https://arxiv.org/abs/2107.01053
Presented at this workshop: 
• Global fits for top operators: Eleni Vryonidou
• EFT studies in the top quark sector (and beyond): Nuno Castro
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Highlights of EF03 activities:  Top EFT fits
• EFT studies in the top quark sector (and beyond): Nuno Castro
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Also studied: single top and t̅ tV operators

Focus changing to global fits
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Highlights of EF03 activities: Top EFT fits (jointly with EF01, EF04)

• Global fits for top operators: Eleni Vryonidou
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Highlights of EF03 achvihes: Couplings and EFT fits (jointly with EF04)

Presented at EF03/EF04 workshop in Jan. 2021: https://indico.fnal.gov/event/46514/ 
• The top quark (EW) couplings at future colliders: Marcel Vos
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Highlights of EF03 activities: Top and HF in PDFs (with EF06)

• Constraining heavy flavor PDFs at hadron colliders: Marco Guzzi, Timothy Hobbs, 
Pavel Nadolsky, Laura Reina, Doreen Wackeroth, Keping Xie, C.-P. Yuan LoI

Presented at this workshop: 
• The role of top quark observables in PDFs: CT: Marco Guzzi; MSHT: Robert 

Thorne; NNPDF: Emanuele Nocera 
• Simultaneous extraction of alphas and mtop from tt differential distributions: 

Matthew Lim
• Experimental and phenomenological issues relevant for PDF extractions from top 

differential distributions Amanda Cooper Sarkar 
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Highlights of EF03 acMviMes: Top in PDFs (jointly with EF06)
• PDF fitting t-tbar data- experimental considerations: Amanda Cooper Sarkar 
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Highlights of EF03 activities: Top and HF in PDFs (jointly with EF06)
• PDF fitting t-tbar data- experimental considerations : Amanda Cooper Sarkar 
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• Most useful to present information on 
correlated uncertainties

• Naming convention for source of 
systematic uncertainties.

• How about inter-data-set correlations:  not 
yet taking into account in PDF fits



Highlights of EF03 activities: Top in PDFs (jointly with EF06)
• The role of top quark observables in PDFs: CT: Marco Guzzi
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Global fit: Impact from 13 TeV
ATLAS+CMS  ttbar data:



Highlights of EF03 acMviMes: Top in PDFs (jointly with EF06)

• The role of top quark observables in PDFs: MSHT2020: Robert Thorne
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Effects on PDFs of different treatments of 
systematic uncertainties: no decorrelation,
parton shower across, max. decorrelation



Highlights of EF03 activities: Top in PDFs (jointly with EF06)

• The role of top quark observables in PDFs: NNPDF: Emanuele Nocera 
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Single top production not yet 
precise enough to constrain 
PDF



Highlights of EF03 acMviMes: Top and HF in PDFs (with EF06)

• Simultaneous extraction of alphas and mtop from tt differential distributions: 
Matthew Lim
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Highlights of EF03 activities: SM predictions

• EW higher order calculations for top quark and heavy flavor production at lepton 
colliders: Emi Kou

• A detailed comparison of QCD modelling in pp → ttW production: G. Bevilacqua, 
H. Bi, F. Febres-Cordero, H.B. Hartanto, M. Kraus, J. Nasufi, L. Reina, M. Worek LoI

Presented at this workshop: 
• Soft gluons in top processes (tt and tW) at high energies: Nikolaos Kidonakis
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Highlights of EF03 acMviMes: SM predicMons
• Soft gluons in top processes (tt and tW) at high energies: Nikolaos Kidonakis
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Highlights of EF03 activities: Top physics at a muon collider

Presented at this workshop: 
• Top quark physics at a muon collider: Tobias Thiel
• Precision studies at a muon collider: Patrick Meade (jointly with EF01/EF04)
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Highlights of EF03 activities: Top physics at a muon collider
• Top quark physics at a muon collider: Tobias Thiel
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Highlights of EF03 activities: Top physics at a muon collider

• Precision studies at a muon collider: Patrick Meade (jointly with EF01/EF04)
Vector boson fusion at multi-TeV muon collider: Antonio Costantini, Federico De 
Lillo, Fabio Maltoni, Luca Mantani, Olivier Mattelaer, Richard Ruiz and Xiaoran Zhao, 
arxiv:2005:10289
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s-channel annihilation rates categorically scale and decrease 
with collider energy at least as σ ∼ 1/s, when collider 
energies are far beyond kinematic threshold. This is contrary 
to VBF processes where cross sections mildly increase with 
collider energy at least as a power of log(s/MW2 ), in the high 
energy limit. 



Other EF03 ac7vi7es

• Prospects for the 4top Process: Stephen Wimpenny
• ttW production: a very complex process: Marcos Miralles Lopez, Maria Moreno 

Llacer
• Precise predictions for top-quark flavor-changing neutral interactions at future 

lepton colliders: Gauthier Durieux, Stefano Frixione, Benjamin Fuks, Hua-Sheng 
Shao, Liaoshan Shi, Marco Zaro, Cen Zhang, and Xiaoran Zhao LoI

• Probing top quark FCNC couplings tqγ, tqZ at future e+e− collider: Peiwen Wu LoI
• Top quark physics at FCC-ee: J. Andrea, P. Azzi, B. Fuks LoI
• Top-Quark and Electroweak Physics at LHeC and FCC-eh: N. Armesto, O. Behnke, 

D. Britzger, O. Cakir, M. Klein, C. Schwanenberger, H. Spiessberger LoI
• Study on the discovery potential of all-hadronic searches for ttbar resonances at 

future colliders: Johan Bonilla, Robin Erbacher, Christine Mclean, Meg Morris, 
Salvatore Rappoccio, A.C. Malik Williams LoI
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Final remarks

• Many opportunities to contribute to Top/HF production physics
- So far most input  from ILC and HL-LHC, 
- Top physics potential talks from FCC-ee, LHeC and FCC-eh
- Study top at other colliders (new: muon collider)
- Need many more HL-LHC studies to explore full program
- Across topical group boundaries

• We invite you to contribute to top/HF production studies
- EF03 wiki page at https://snowmass21.org/energy/heavy_flavour
- Email the conveners: schwier@msu.edu, dw24@buffalo.edu
- Mailing list SNOWMASS-EF-03-TOP_HEAVY-FLAVOR@FNAL.GOV
- Looking for presentations at our biweekly meetings

• Informal (incomplete) list of projects, possible collaborations, open questions, 
etc.https://docs.google.com/document/d/17aPp9XpJAImmPlnPNtgV21rG2zEiF
S2IHkO-ooC4rcQ

• See EF03 wiki page for full list of Letters of Interest
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